Abstract We have classified the attenuation of the Medveded, Sponheuer, and Karnik (MSK) intensity into five types (each as a function of the epicentral intensity I o ) based on the mean radii of 254 isoseismal maps, mainly historical earthquakes in the Iberian Peninsula. Geographically representing each earthquake with its corresponding attenuation tendency, it can be seen that those with low attenuation lie west of the Peninsula and those with high attenuation in the south and east. This regionalization seems to be due as much to the seismotectonic characteristics (different crustal types and size of the earthquakes) as to the different construction types in each region. These attenuation values are similar to those of southern Europe, but much higher than those found in the United States. From the point of view of seismichazard evaluation, these laws represent an improvement with regard to those used so far. We have extended previous attenuation studies to the whole of the Iberian Peninsula, and, in some points, differences of attenuation assignment of almost two degrees of intensity have been corrected.
Introduction
In countries with moderate seismicity, such as the Iberian Peninsula, the number of accelerograms is not only small but also refers to low-magnitude earthquakes located in only some of its seismic areas (Carreño et al., 1999) . Therefore, the attenuation of the seismic energy must be carried out with the seismic intensity MSK because more data are available, a greater area is covered, and the earthquakes are larger. Thus, the low-quantitative nature of the intensity versus that of the acceleration nonetheless has the advantage of increasing the number, size (I o ), and regional extent of the data. Although in most earthquakes with isoseismal maps the hypocentral and even the epicentral distance are ignored, they nevertheless provide information on the intensity attenuation of the largest and most destructive earthquakes.
Attenuation laws are usually based on considering that the intensity is proportional either to (1) the logarithm of the energy density or (2) to a power of it. In both cases, coefficients representing the source characteristics, the geometric spreading, and the exponential absorption can be obtained. In Europe (Karnik, 1969; Ambraseys, 1985) , and particularly in Spain (Munoz, 1974; Martin, 1984) , the first hypothesis has often been chosen. In most cases, the term related to the exponential absorption is rejected, and the epicentral distance is considered rather than the hypocentral one.
Mathematical methods used in the estimation of the parameters of these laws range from simple linear regression to sophisticated models of nonlinear regression. The variations in the exponential absorption and geometric-spreading coefficients are used for regionalization (Howell and Schultz, 1975) .
In the Iberian Peninsula, Martin (1984) obtained intensity attenuation laws for the SW San Vicente Cape and several regions of Spain (general, south, southeast, south-southeast, and Azores) using the catalog of isoseismal maps for the Iberian Peninsula (Mézcua, 1982) . Most of these maps refer to historical earthquakes and their size, assigned by the Instituto Geográfico Nacional de España (IGN), is given by epicentral intensity (I o ). Martin (1984) used a method of nonlinear regression, considering both large (I o Ն VIII) and small (I o Ͻ VIII) earthquakes for the fit. Similar methods have been used by other authors (Muñoz, 1974; Lopez Casado et al., 1992) , in some cases covering all of Spain and in other only some regions of it.
The treatment of uncertainties is currently an important step in the evaluation of seismic hazard. They can either be included with the data in computer programs through the Monte Carlo process or analyzed with the results, using the logic-tree method (EPRI, 1985; Araya and Der Kiureghian, 1988; Giner, 1996; Van Eck and Stoyanov, 1996; Schenk et al., 1997) . Attenuation laws contribute to the uncertainties through the value of their standard deviation and of their greater or lesser regionalization inside the study area (Perulla et al., 1996) . The standard deviation (random variable representing the uncertainty in the prediction of ground motion) is a function of the data quality and the fitting model. The regionalization is a function of the variation in geometric spreading, anelastic attenuation, and the source characteristics of each study area (Howell and Schultz, 1975; Ambraseys, 1985) , and for its evaluation, good quality data from each region is required. Therefore, regional-attenuation laws that are adjusted to real data represent an improvement in seismic-hazard evaluations, reducing statistical and modeling uncertainties. They also provide a simpler treatment of uncertainties and sensitivity analysis.
This work is a continuation of previous attenuation research using a larger theoretical base, introducing a wider regionalization of the law, a greater number of parameters in the fitting, and also an update of the isoseismal maps catalog, including 132 new maps of Spain and Portugal.
Theory
The laws relating the intensity of an earthquake to distance (Karnik, 1969; Milne and Davenport, 1969; Stepp, 1971; Brazee, 1972; Muñoz, 1974; Martin, 1984; Campbell, 1985) can be obtained considering one of the following two hypotheses.
The first hypotheses states that the intensity, I, is proportional to the logarithm of the energy density, E, according to the expression:
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where c 1 and c 2 are empirical constants and the energy decays with distance by means of the relationship:
0 where E o is the total energy released, D the hypocentral distance, b is a constant representing the geometric spreading, and c is a constant representing the rate of absorption. Parameter b is 5/6 for the airy phase, 2 for body waves, and 1 for surface waves. Parameter c is always positive and smaller than unity. Substituting (2) in (1), we obtain the relationship:
If we assume that at the epicenter of an earthquake, D ‫ס‬ h (focal depth) and I ‫ס‬ I o (epicentral intensity), then
Now, we define the parameters a 1 , a 2 , and a 3 , as:
3 2 and, eliminating E o between (4) and (3), we obtain the relationship:
where a 2 and a 3 represent the terms related to geometric spreading and the rate of absorption, respectively. When a 1 , a 2 , and a 3 are obtained in the regression, then the rate of absorption can be estimated, eliminating c 2 between (6) and (7), and assuming a fixed b-value by means of the relationship:
The attenuation law from equation (8) has been used by Gupta and Nutli (1976) , Chandra et al. (1979) , VanMarcke and Shi-Sheng (1980), Martin (1984) , Ambraseys (1985) , and Tilford et al. (1985) , among others.
The second hypothesis states that the intensity is proportional to a positive power (d Ͻ 1.0) of the seismic-energy density according to the relationship:
which, keeping in mind once again equation (2) of the energy decay with distance and after taking the natural logarithm, gives us the equation (Howell and Schultz, 1975) : where:
3
In equation (11), b 2 and b 3 represent the terms related to geometric spreading and the rate of absorption, respectively.
According to equations (5) and (12), the source parameters a 1 and b 1 depend on the focal depth (h). Due to the lack of depth assignments for most of our isoseismal maps, we have not studied this dependence. However, we do analyze their relationship with the size (I o ) of the earthquake.
The difference between (8) and (11) lies in the curvature of the variation in intensity with distance. Equation (11) is steeper near the epicenter and flatter at greater distances than equation (8) .
An inspection of the isoseismal maps suggests that an increase in the earthquake size translates into an increase in the mean radius of the epicentral isoseismal, in which attenuation does not take place (for large earthquakes the focus cannot be considered as a point). Therefore, the fitting of the aforementioned parameters was carried out in two steps (Joyner and Boore, 1981) to separate the dependence of the data on the distance and on the epicentral intensity. In the first step, using the method of Marquardt (1963) , according to Draper and Smith (1981) , the parameters of equation (8) or (11) The quadratic nature of this function was chosen for the best fit to the data. A similar circumstances occurs with the relationship between the epicentral intensity, I o , and the magnitude, m b , in the Iberian Peninsula. According to Giner (1996) , the best relationship between the epicentral intensity and the magnitude is a quadratic relation on the epicentral intensity. Thus, the final mathematical models to be obtained in this work are:
We have substituted the hypocentral distance D by (R 2 ‫ם‬ ) 1/2 , where R is the epicentral distance, R o is a value that 2 R o improves the adjustment and that it is used due to the scarcity of data for the focal depth, and f(I o ) and g(I o ) are quadratic functions on the epicentral intensity that consider its dependence on the size of the earthquake.
The Data
The isoseismal maps catalog of earthquakes for the Iberian Peninsula (Mézcua, 1982) has been used to obtain the radii of the circles of equal area of mapped isoseismal lines for 257 earthquakes, of which 132 are new for this work (Table 1 ) and the remaining 125 correspond to those used by Martin (1984) , although 18 of them have been slightly modified (we have obtained the radii of more isoseismal lines). The use of these mean radii supposes that the laws that will be obtained consider isotropic attenuation. This working hypothesis has been made due to the consideration that we cannot obtain any other type of information due to the quality of the isoseismal maps in our catalog. For the same reason, we have taken the epicentral distance instead of the hypocentral one. The regression was not done on the intensity observations themselves, as we are interested in average attenuation values regardless of the direction. Moreover, for some of the maps these data are not available, and furthermore we are aware of the evident lack of accuracy in the localization of the epicenter of historical earthquakes, giving rise to intensities with erroneous distances to the epicenter. Table 2 presents a classification of the 254 earthquakes with known epicentral intensity (MSK) according to the number of calculated radii, their focal depth, and their body-wave magnitude (Mézcua and Martínez Solares, 1983; updated to 1997) .
In off-shore earthquakes such as those of the AzoresGibraltar fault, the Alboran Sea and the Mediterranean Sea, where the isoseismal line of the epicentral area does not exist, the epicentral intensity has been assigned as a function of the body-wave magnitude (m b ), using the relation obtained by Giner (1996) In three earthquakes with no assigned magnitude, the assignment was carried out as a function of their distance to the coast. To do so, we used the attenuation laws obtained by Martin (1984) to simulate earthquakes with a fixed epicentral intensity. We compared the simulated isoseismal map with the drawn one and choose the epicentral intensity that best simulated the drawn isoseismals.
For the very energetic off-shore earthquakes (Lisbon 1755, Atlantic Ocean 1941, and southwest S. Vicente Cape 1969) we have not assigned an epicentral intensity a priori. In these cases, the epicentral intensity is a parameter to be obtained in the regression. The intensity obtained was compared with that given by the aforementioned relationship (I o -m b ). These three earthquakes are not included in Table 2 .
A particular characteristic of the seismicity in the Iberian Peninsula is the presence of intermediate deep earthquakes (20 Ͻ h Ͻ 180 km). However, not enough data are available to include them when fitting, although we will attempt to consider their influence on the laws obtained. These areas, with intermediate focal depth, are the Gulf of Cádiz, the West Alborán Sea, southwest Málaga province, and the Pyrenees.
Methodology
The methodology in this work was designed based on the use of the new isoseismal maps, to obtain (1) the different types of attenuation in the Iberian Peninsula, (2) a better fitting of old and new data, and (3) a regionalization of the above tendencies. It consists of the following steps:
(1) The pairs of values (I ‫מ‬ I o , R) were represented graphically for all the earthquakes. The observed dispersion is estimated to be a result of (i) a mixture of earthquakes of different size, (ii) isoseismal maps with errors, and (iii) the existence of a geographic regionalization of the attenuation in the Iberian Peninsula. To minimize (i), we used only earthquakes with I o Յ VIII (Fig. 1 ), since we assume that the effects of the size of the earthquakes on the distance between isoseismal lines are less for small earthquakes than for large earthquakes. We neglect (ii) as we assume that these errors are random. Then, we can assume that the dispersion of our data is mainly due to (iii). Therefore, in equa- *M/D, month and day; Lon., Longitude; Lat., Latitude. I 0 , epicentral intensity (MSK scale) (Mézcua and Martínez Solares, 1981; updated to 1997) ; Bold type, off-shore earthquake (epicentral intensity assigned in this work).
per Joyner and Boore, 1981) . The following steps explain the methodology to obtain the parameters of equation (15).
(4) In the first step of the regression, the values of parameters a 1 , a 2 , and a 3 were obtained in equation (8) for earthquakes with I o Յ VIII. This was done assuming that coefficient a 1 is approximately constant for small to moderate earthquakes (I o Յ VIII) and taking I ‫מ‬ I o as the dependent variable. Due to the dispersion of the data, we will suppose that the group of data (R) corresponding to each (I ‫מ‬ I o ) value follows a normal distribution of more likely value, the mean value. Once this value has been obtained, we exclude those data outside the standard deviation and repeat the process until a stable mean value is obtained. This final value is noted as R . Then, we fit all the pairs of values (I ‫מ‬ I o , R ) by means of a nonlinear regression algorithm (Marquardt, 1963 ; according to Draper and Smith, 1981) . The a 1 , a 2 , and a 3 values obtained were statistically significant to a confidence level of 90% or higher.
(5) In the second step of the regression, we fix the values of a 2 and a 3 , obtained in step (4) in equation (15) and fit the pairs of values (I, R ) for each degree of epicentral intensity (I o Ͼ V) to obtain a f(I o ) value for each degree of epicentral intensity. In this step we use only earthquakes with I o Ն VI since they have more drawn isoseismals, possibly fewer errors and are the most important in the evaluation of seismic hazard. In addition, we have fitted the earthquakes with I o Ͼ VIII that were not studied in previous sections. To include earthquakes with known I o Ͼ VIII and the very energetic earthquakes within an attenuation tendency, we plotted them to determine their fit in one of the five selected tendencies. The lowest rms in the fitting of each earthquake was the criteria to choose their attenuation tendency and their f(I o ) value.
(6) Then, the pair of (f(I o ), I o ) values were fitted to a quadratic function on I o (Fig. 2a) . In the case of the very energetic off-shore earthquakes, included in the very low attenuation tendency as a result of section (4), and whose epicentral intensity is not assigned, we were giving different values to their epicentral intensity and making the (f(I o ), I o ) regression. The coefficients of the f(I o ) function and the I o values of the mentioned earthquakes (I o ‫ס‬ XII for the 1755 Lisbon earthquake, I o ‫ס‬ XII for the 1941 Atlantic Ocean earthquake and I o ‫ס‬ XI for the 1969 S. Vicente Cape earthquake) were chosen based on the lowest rms.
(7) The standard deviation of the residuals and the coefficient of determination were obtained comparing the predicted values Î obtained from equation (15) with real values (I). In this step we have used all the earthquakes with I o Ͼ V and not the pair of fitted values (I, R ) to show the real scattering of the data sample used.
(8) Finally, all the earthquakes with their attenuation tendencies were represented on the map of the Iberian Peninsula. We then proceeded to a possible geographic regionalization of the attenuation laws as a function of their different seismotectonic characteristics (change in crust and earthquake size behavior in the Iberian Peninsula).
tions (8) and (11), a 1 and b 1 can be considered approximately constant. Then, the attenuation is divided into five tendencies, two extreme attenuations, very high and very low, which take into account earthquakes whose attenuation is very different from the rest of the data, and three tendencies, high, medium, and low, which take into account those earthquakes with the three characteristic types of attenuation in this region. To do so, we use the third and fourth mean radii values for earthquakes with three or more isoseismal lines and the second mean radius for earthquakes with only two isoseismal lines. This represents isoseismals VI and V for earthquakes with I o ‫ס‬ VII, V, and VI for I o ‫ס‬ VII, and VI and III for I o ‫ס‬ VI (we use damages and preceptibility areas to obtain different attenuation tendencies). The results are shown in Table 3 . These radii are used instead of the first one because the surfaces they represent are less affected by ground amplification (site effect) and or source effects.
(2) In the next step, following Howell and Schultz (1975) , an attenuation law using equation (11) is obtained for all the earthquakes selected in step (1). In the fitting, we neglect the terms related to the source (b 1 ) and to the geometric spreading (b 2 ) and substitute the hypocentral distance (D) by the epicentral distance (R). That is to say, we fit the data to the equation: log I ‫ס‬ log I o ‫מ‬ b 3 R. This fitting is done to obtain an approximate estimate of the absorption coefficient (b 3 ). Finally, the different absorption coefficients obtained are averaged with respect to the type of attenuation. Table 3 shows that these values follow a tendency similar to that proposed for the attenuation. That is, the mean absorption coefficient diminishes as the attenuation decreases. This result obtained for each earthquake justifies the above division of the attenuations and our graphical criteria.
(3) Subsequently, the two models of attenuation law that give the best overall fit to our data are determined. To do so, all the earthquakes selected in step (1) are fitted, in accordance with each attenuation tendency, to equations (8) and (11), substituting D ‫ס‬ (R ‫ם‬ R o ) 1 ⁄ 2 , by means of a nonlinear regression algorithm (Marquardt, 1963) . The coefficients obtained were statistically significant to a confidence level of 90% or higher. As equation (8) provided the best results (smaller rms), it was chosen for our work (Table 4) . To estimate the parameters of the fitting, the physical restrictions of energy attenuation were kept in mind: both the coefficient related to the geometric spreading (a 2 and b 2 ) and that of the exponential absorption (a 3 and b 3 ) must be positive.
Before continuing, we should note that step (1) has been done to classify the data due to the great dispersion; step (2) has been performed to justify that classification; and step (3) has been carried out to choose a physical attenuation model. As we have seen, equation (8) best represents small to moderate earthquakes (I o Յ VIII), but in the Theory section we have said that to represent the attenuation of earthquakes of any size, equation (8) must be replaced by equation (15). To calculate the coefficients of the fitting of each attenuation tendency, we have used a two-step-regression analysis (as We have compared our different attenuations (Fig. 3a ) and represented our laws graphically together with those obtained by other authors (Figs. 3b-f) . It can be observed that our law for very high attenuation is similar but faster to those obtained by Martin (1984) (Fig. 3b) . The high attenuation is similar to those of Ambraseys (1985) for northern Europe, with the value of h between 5 and 10 km, and with those of Grandori et al. (1987) for Italy (Fig. 3c) . The medium attenuation compares well with those of Chandra et al. (1979) for Iran, and Vanckmarcke and Shi-Sheng (1980) for the Philippines (Fig. 3d) . The low and very low attenuations are correlated with those of Howell and Schultz (1975) for the San Andreas, Cordilleran, and the eastern United States, and
Results
As already indicated, for the Iberian Peninsula and adjacent areas, we have defined five attenuation laws whose equations appear in Table 5 (three decimals should be considered in the a 1 coefficient to maintain the best fit to the data). The goodness of fit to the data is shown in Figure 2 : (b) very high; (c) high; (d) medium; (e) low; and (f) very low attenuation. The percentage of earthquakes included in each of the above tendencies is: 32%, very high; 30%, high; 13%, medium; 11%, low; and 14%, very low, in agreement with the number and the geographical distribution of the data (more on the east than on the west) Table 4 Comparison between Attenuation Models Proposed in Equations (3) and (8) (3) and b 1 coefficient in equation (8); B, a 2 coefficient in equation (3) and b 2 coefficient in equation (8); C, a 3 coefficient in equation (3) and b 3 cofficient in equation (8); R 0 , assumed value which gives best fit; r-sq, coefficient of determination; r, standard deviation in intensity.
with those of Ambrasseys (1985) with h between 13 and 30 km (Figs. 3e and 3f) . Very high attenuation laws, like these, are also seen in southern Italy (Perulla et al., 1996) . These comparisons show that the coefficient of absorption for the Iberian Peninsula falls within the range of values obtained in other countries (Table 6 ).
The regionalization of the attenuation laws is shown in Figure 4 , according to which (1) earthquakes with low or very low attenuation are concentrated in Portugal and the Azores-Gibraltar fault (57% very low and 18% low versus 11% medium, 11% high, and 3% very high); (2) very high attenuation in the Granada basin (90% very high versus 10% medium) to high attenuation in southeast Spain, the coast of Algeria, the Levante, the Balearic Islands, and NE Spain (36% very high and 46% high versus 7% medium, 7% low, and 3% very low); (3) low attenuation in the area between Huelva and Málaga (17% very low, 66% low, and 17% medium), that is, the behavior is intermediate between that of Portugal (1) and that of Spain (2); (4) in the Alboran Sea, low (37%) and very low (37%) attenuations; (5) high attenuation in the Iberian System (62%); (6) very high attenuation in the southern part of the Iberian Meseta; (7) high to medium attenuation in the northern part of the Iberian Meseta and the Cantabrian range; and (8) low and very low attenuation in the central Pyrenees (25% very low, 25% low, 33% medium, 8% high, and 8% very high). Not fitting in the aforementioned model is the south coast of Portugal with high attenuation and the north coast of Portugal with very high (12.5%), high (25%), medium (25%), low (25%), and very low (12.5%) attenuation.
As can be observed in Figure 4 , for specific areas (for instance, seismic sources used in the seismic hazard evaluation) within the above regions, the percentages are even greater. This comprises not only an improvement in the seismic-hazard evaluation for these areas but also allows a better treatment of uncertainties. Using the Monte Carlo method, the procedure for expressing the input-model parameters as weighted distributions, rather than as single valeus, is now easier (Mallard and Woo, 1993) , which is of interest to obtain confidence levels for the results of seismic-hazard evaluations (Kulkarni et al., 1984) . Using logic-tree methodology, we can obtain more real probabilities for the branches of the logic tree corresponding to the attenuation laws.
A similar situation of regionalization is given in the United States, with low attenuation in the west and high in the east (Hank and Johnston, 1992; Bollinger et al., 1993; Rizzo et al., 1995) . However, except in the case of our very low law, our attenuations are faster.
Apart from the seismotectonic differences of the two areas (west and east of the Iberian Peninsula), the different types of construction, that is to say, the distinct vulnerability of buildings in one area or another, and the geographical distribution of the population could also account for this variability in the behavior. Overestimation of the epicentral intensity and the remaining intensities, due to the poor quality of buildings or to their antiquity, together with the proximity of populations, can give rise to a sharp decrease in the damage area, therefore showing a faster attenuation of the intensity.
This regionalization is clearly correlated with the seismotectonic characteristics of each area. Thus, very low and low attenuations can be associated with the Hercynian domain in the west and center of the Peninsula; high attenuation with the Alpine domain in the south, east, and northeast; and very high attenuation with certain Neogene basins. A similar result was obtained by Lana et al. (1999) , who found high values of attenuation and of the coefficient for A detailed comparison of the laws we have found inside each region with those corresponding to Martín (1984) reveals clear differences. Taking, for example, our very high attenuation in the Granada basin and comparing it with Martin's Southern attenuation (1984) , which corresponds to the same data, according to their geographical location, we find large differences between the two laws and between the Goodness of fit to our data: (b) very high attenuation; (c) high attenuation; d) medium attenuation; d) low attenuation, and (e) very attenuation. Table 5 Best Solutions of Equation:
Very High Martín (1984) ; (c) high (h ‫ס‬ 5, 10 km) (Ambraseys, 1985; (1980); Grandori et al. 1987) ; (d) medium, Tilford et al. (1985) and Van Marcke and Shi-Sheng (1980) ; (e) low, Howell and Schultz (1975) and Ambraseys (1985) (h ‫ס‬ 13, 20 km); (f) very low, Howell and Schultz (1975) and Ambraseys (1985) (h ‫ס‬ 20, 30 km).
types of fit to real data, with our fit providing a clear improvement (see Fig. 5 ). It is obvious, therefore, that our regionalization is more accurate than previous ones. The new maps used and the improvement implied in the new physical model plainly reduce both statistical and modeling uncertainties (McGuire, 1993; Toro. et al., 1997) .
Of the four earthquakes with depths between 20 and 40 km that appear in Table 2 , two have very low attenuation (h ‫ס‬ 23 and 30 km), another one low (h ‫ס‬ 27 km), and the last one high attenuation (h ‫ס‬ 28 km). The latter is located in the anomalous area of the Cape of San Vicente (high attenuation with shallow and intermediate earthquakes), so Ambraseys (1985) there is most probably an error in the calculated depth or in the isoseismal map (only two incomplete radii are given). Therefore, either the earthquakes are shallow or there is an error in the calculation of the mean radii. The remaining two deep earthquakes have low (h ‫ס‬ 60 km) and very low (h ‫ס‬ 100 km) attenuation. Table 7 presents the distribution of the earthquakes used according to their size and tendency. Although it is not very clear, it seems that the large earthquakes associate better with low attenuation and the small ones with high attenuation.
This also correlates very well with the regionalization since, given the seismotectonic characteristics of the area, the more energetic earthquakes are in the west and the less energetic ones in the east.
Conclusions
From the analysis of the results obtained according to the methodology we have developed in function of the data used and of the proposed objectives, the following conclusions can be drawn.
First, an attenuation law with distance, based on the proportion between the intensity and the logarithm of the energy density and not between the intensity and a power of the energy density (lognormal distribution of the intensity), is best adapted to the intensity-attenuation data of the Iberian Peninsula.
Second, different degrees of attenuation of intensity with distance occur within the Iberian Peninsula. The greatest difference is found in the west, the Gulf of Cádiz, Portugal, and Galicia, with low and very low attenuation, and in the south and east, with high and very high attenuation. The Alborán Sea and the Central Pyrenees, with low and very low attenuation, are two areas that deviate from their regional models. Note that these two areas have intermediate earthquakes.
Third, the attenuation laws obtained here, as well as the absorption coefficient, fall within the range of values given for other countries. Only the very high attenuation, characteristic of some Neogene areas in the south and east of the Iberian Peninsula, falls outside this margin, with an absorption coefficient 5 to 10 times higher than the other ones. This anomalous coefficient, together with their seismotectonic origin (high , small magnitude, and shallow depth of the ‫1מ‬ Q b earthquakes) could be due to the greater vulnerability of buildings in these areas, giving rise to an overestimation of the epicentral and following intensities over very short distances.
From the tectonic point of view, the difference in the attenuation of the earthquakes of the Iberian Peninsula seems to be a function of the existence or not of a well-consolidated basement. In the western part of the Peninsula, in Portugal, the low attenuation seems to be due to the relatively cratonized Hercynian materials in the region. However, the eastern part of the Peninsula corresponds to materials affected by the Alpine orogeny-less cratonized and much more discontinuous in its blooming-due to which the attenuation is unavoidably much higher. The fact that earthquakes of larger magnitude are common in the west and not in the east may be an additional cause for these different types of attenuation.
Fourth, for the Iberian Peninsula, our attenuation laws represent an improvement with regard to previous works. We have obtained not only a greater regionalization and extension of the attenuation laws, but also a better fitting to the data. Thus, of the five regions: (general, south, southeast, south-southeast, and the Azores) given by Martin (1984) that affected only Spain and the southwest area of the San Vicente Cape, we have categorized nine regions affecting the whole Iberian Peninsula and the area from the Azores to the Gulf of Cádiz. Moreover, in the regression, including the coefficient due to the size of the earthquake in the fitting, we have divided the earthquakes according to their size, in- Martín (1984) ; (c) goodness of fit to the Lisbon-area data and comparison with the general law obtained by Martín (1984) . IV  16%  44%  24%  12%  4%  V  42%  35%  7%  7%  9%  VI  37%  19%  11%  14%  19%  VII  23%  30%  17%  13%  17%  VIII  18%  32%  18%  18%  14%  IX  36%  10%  27%  27%  X  100%  XI  100%  XII  100% stead of separating them into only two groups (Martín, 1984) : large (I o Ն VIII) and small (I o Ͻ VIII). Fifth, the improvement in the fit of the data, obtained from a correct selection of the attenuation equation (reducing the modeling uncertainties), and for more real regionalization (reducing statistical uncertainties), indicate that these new laws guarantee a decrease in the uncertainties in seismic-hazard evaluations. Furthermore, the determination from the regionalization map of the percentages of the tendency type given in each area provides us with a quantitative real base of the certainty of each of the laws given in the corresponding area. This also allows a rigorous treatment of the uncertainties when using the Monte Carlo or logic-tree methods.
Sixth, the low correlations obtained have not allowed the introduction either of the depth or the magnitude in the attenuation laws. However, the low and very low attenuation in the Central Pyrenees and Alboran Sea could be associated to a greater depth (20 Ͻ h Ͻ 180 km) of the earthquakes in those areas.
Finally, when enough accelerogram data are available to perform accelerogram attenuations in the fitting of the data law, we must keep in mind the results of the intensityattenuation law obtained in this research.
